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REMARKS 

The claims have been rewritten to better define the claimed invention and to better 
distinguish the claimed invention from the prior art. Support is found in the original 
specification. No new matter has been entered. 

The rejection of claims 1, 2, 4, 5, and 7-10 as obvious from Callis is rendered moot by 
the cancellation of all of said claims. Moreover, it is submitted the new claims are patentably 
distinguished over Callis and any of the other art of record. 

In the prior art, it is well known that ethanol-blended gasoline has to be substantially 
free of water, i.e., the water content ratio therein has to remain less than 0.1 vol%. This fact is 
supported the following document: 

Article "Technical Issues in Production and Delivery of Ethanol-Blended Gasoline" 
(Appendix A) http ://ww/w. en v . go . j p/earth/ondanka/reiie wgibj^ 

(The 2nd Meeting of the Conference for Promoting the Utilization of Renewable Fuels, 
Ministry of the Environment, Govemment of Japan) 

In paragraph 3 of the above article (Appendix A), it is reported: 

". . .when this phenomenon which is called phase separation occurs, ethanol partly gets 
out of gasoline, hence the predetermined quality of gasoline can no longer be maintained. For 
example, the octane value becomes lower or the distillation characteristics change, leading to 
failure to maintain the predetermined quality of gasoline in extreme cases. Therefore, the 
phenomenon of phase separation is never allowed in ethanol-blended gasoline." 

In paragraph 4 of the above article (Appendix A), it is reported: 

". . .In the case where ethanol-blended gasoline contains ethanol at a dose of 3 vol%, it is 
estimated that the solubility of water is about 0.1 vol% (1,000 vol ppm) at nearly ambient 
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temperature, and it is conceivable that phase separation will occur when water is aduterated at 
levels exceeding that level." 

In order to avoid any possible overlap, the claims have been amended to delete any 
reference to methanol. The aluminum corrosion inhibitors (additives) used in the present 
invention are completely distinct from those disclosed in the prior art. 

The instant aluminum corrosion inhibitors used in the present invention are completely 
different in not only their actions and advantageous effects but also their ingredients from the 
prior art corrosion inhibitors which have been added to the prior art gasoHne fuels. 

The corrosive reaction of aluminum by dry corrosion is chemically different from the 
phenomena observed in connection with Fe metal corrosion including the formation of red rust, 
which is a kind of wet corrosion. 

As pointed out in our earlier Amendments, incorporated herein by reference, the 
corrosion of aluminum, which is a problem to be solved in the present invention, is a 
dissolution phenomenon of aluminum by production of aluminum alkoxides as a result of 
reaction of an aluminum metal with an alcohol. Since this alkoxide reaction is a chemical 
reaction, the aluminum will corrode and disappear in as little as one day under certain 
conditions once the reaction has been initiated, as demonstrated in Working Examples of the 
Specification. 

In contrast, the target metal of the prior art "corrosion inhibitors" which are added to 
gasoline is iron, an embodiment of which is a "steel plate" or "steel sheet or strip" product 
(such as steel plate, lead-tin coated (galvanized); steel plate, zinc coated (galvanized); and steel 
plate, tin-zinc coated (galvanized)), used in fuel tank applications. 
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The corrosion that occurs in the case of prior art iron based fuel tanks is based on the 

following phenomenon; 

while the fuel is exposed to air in the fuel tank, the moisture in the air is 
incorporated into the fuel, thereby resulting in separation of water drops from 
gasoline, followed by accumulation of water on the bottom of the fuel, whereby 
water is brought into contact with the steel plate so that it will take several years to 
induce this corrosion (the formation of red rust). 
The corrosion inhibitors used in the prior art are nitrogen- and/or sulfur-containing polar 

compounds such as aliphatic amines and sulfonate salts, which are ineffective and inactive in 

the inhibition of a "aluminum corrosion (alkoxide reaction)" which is the goal of the present 

claimed invention. 

A project sponsored by the Ministry of Economy, Trade and Industry (METI), Japan 
and the Ministry of Land, Infrastructure, Transport and Tourism (MLIT), Japan, the Japan 
Automobile Manufacturers Association, Inc. (JMA), Japan, conducted experimental trials for 
the reaction of aluminum plates after mixing commercially available gasoline with anhydrous 
alcohol, and reported the same results as in the disclosure on pages 13 to 82 of the English text, 
and FIGs. 1 to 37. 

The fuel additives, as disclosed and claimed in the instant application in the 
Specification, are quite different from the prior art metal corrosion inhibitors in terms of not 
only their actions and beneficial effects but also their ingredients. 

Moreover, Callis is silent about the prevention of "aluminum corrosion issues", caused 
by the alkoxide reaction (at an elevated temperature of from 80°C to 120°C) of an aluminum or 
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aluminiun alloy fuel delivery pipes and other aluminvim or aluminum alloy parts with the 
alcohol contained in the fuel composition. 

See also the Inventor's article, Corrosion Engineering 53, pp.7 1-80 (2004) (Appendix 
B), which supports the unique features of the present invention. 

Considering specifically the Callis patent, Callis et al. lists four components for his 
liquid motor fuel: 

(1) hydrocarbons (HC), 

(2) low molecular weight alcohols, 

(3) C5 or higher saturated aliphatic ethers, and 

(4) higher molecular weight alcohols, 
wherein water may or may not be contained. 

The instant claimed fuel compositions are novel and non-obvious over Callis because 
the inventive fuel compositions as set forth in the new claims lack ether while containing other 
additives not taught by Callis. 

For ethanol-blended gasoline, it is well known that phase separation is a major problem 
and it is absolutely necessary to avoid the occurrence of fuel phase separation (Appendix A). 
Phase separation could cause most of the ethanol and water to separate from the bulk fuel and 
drop to the bottom of the tank, leaving gasoline with a significantly reduced level of ethanol in 
the upper phase. If the lower phase of water and ethanol is large enough to reach the fuel inlet, 
it could be pumped directly to the engine and cause significant problems. Even if the ethanol 
water phase at the bottom of the tank is not drawn into the fuel inlet, the reduced ethanol level 
of the fuel reduces the octane rating, which could result in serious and even catastrophic engine 
problems without warning. ^ 
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Therefore, it is well known that the phase separation will occur when water is blended 
at a dose exceeding 0.1 vol% in the ethanol-blended gasoline. In other words, it is believed that 
gasoline containing ethanol is essentially free of water (or holds at most 0.1 vol% water) in the 
prior art. 

In the Office Action, the Examiner states that "It is obvious to one having ordinary skill 
in the art at the time the invention was made that the fuel composition of CALLIS has water 
being added to the composition since it is known in the art that hydrocarbon components and 
alcohols usually contain slight amounts of water (Page 3, Line 2 from the bottom to Page 4, 
Line 3 of the Office Action). 

Applicant respectfully submits that Callis is completely silent regarding aluminum dry 
corrosion inhibition by water. It is also believed to be incorrect that hydrocarbon components 
and alcohols usually contain slight amounts of water (i.e., it is not inferable that a liquid 
hydrocarbon component-alcohol fuel composition contains water at an amount equal to either 
(1) 0.002 X N wt.% or more or (2) 0.1 wt.% or more of the resulting liquid fuel composition, 
provided that the larger amount of admixed water is selected between said (1) 0.002 X N wt.% 
or more and said (2) 0.1 wt.% or more of the resulting liquid fuel composition), or required by 
Applicant's claims. 

Accordingly, it is submitted that the claims cannot be said to be obvious from Callis. 

Having dealt with all the objections raised by the Examiner, the Application is believed 
to be in order for allowance. The Examiner is respectfully requested to telephone the 
undersigned attorney to discuss any issues remaining after entry of the foregoing Amendment. 
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Extension fee and additional independent claim fee are being paid via EFS WEB in the 
amount of $175. 00. 

In the event there are any fee deficiencies or additional fees are payable, please charge 
them (or credit any overpayment) to our Deposit Account Number 08-1391. 

Respectfully submitted, 



CERTIFICATE OF ELECTRONIC FILING 

I hereby certify that this paper is,being deposited with the United States Patent Office 




Norman P. Soloway 
Attorney for Applicant 
Reg. No. 24,315 



via the electronic filing procedure on 



7^ ^ at Tucson, Arizona. 




NPS:sb:ps 
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Technical Problems in Production of Ethanol- Added or EthanoI-BIended Gasoline 
and Its Distribution Process 

1 . In the case where we imagine to produce ethanol-added or ethanol -blended gasoline 
in a refinery blender plant, similarly to the one in an existing gasoline production plant, 
the product gasoline may be qualitatively deteriorated due to absorption of moisture 
(adulteration with water) or contamination in the subsequent distribution process 
(transportation, storage) and, in extreme cases, the gasoline may possibly become a 
substandard one or have a risk of exerting an adverse influence on the automotive en- 
gine, so that the existing production and distribution methods cannot be applied as far as 
ethanol-blended gasoline is concerned. 

2. Currently, it is difficult to completely prevent adulteration with water (absorption of 
moisture) in the equipment (transportation and storage means) currently in use in gaso- 
line distribution and, in the existing circumstances, the gasoline is always in contact 
with moisture (water) in the process of distribution, though at low levels. In the case 
of petroleum -derived gasoline, however, the content of dissolved water is about 100 to 
200 ppm by weight (wtppm), and its contacting with water generally produces no prob- 
lem since the quality of gasoline is not affected even upon separation of water. 

3. On the other hand, when ethanol-blended gasoline gets adulterated with water, in 
particular at levels exceeding the limit of solubility, free water can exist and, on that 
occasion, the phenomenon of a considerable proportion of the ethanol mixed with 
gasoline being transferred to the aqueous phase occurs because of higher affinity of 
ethanol, which is a polar compound, for water than for gasoline. When this phenome- 
non which is called phase separation occurs, ethanol partly gets out of the gasoline, 
hence the predetermined quality of gasoline can no longer be maintained. For example, 
the octane value becomes lower or the distillation characteristics change, leading to 
failure to maintain the predetermined quality of gasoline in extreme cases. Therefore, 
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the phenomenon of phase separation is never allowable in ethanol-blended gasoline. 
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Phase separation otours Phase separation occurs 
Fig. 1: Phase separation in ethanol-blended gasoline 



(While admixing of water with gasoline results only in liberation of water, admixing of 

water with ethanol-blended gasoline results not only in transfer of water but also in 
transfer of ethanol contained in gasoline into the water phase, causing phase separation.) 

4. According to the technological data provided by ADM, USA, the solubility of water 
in ethanol-blended gasoline is as shown below in Fig. 2, though it varies depending on 
the level of blending of ethanol and on the temperature. 
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Fig. 2: Solubility of water in ethanol-blended gasoline 

Fig. 2 shows the data for the cases of ethanol contents of 5.7 to 10vol%. In 
the case where ethanol-blended gasoline contains ethanol at a dose of 3vol%, it is esti- 
mated that the solubility of water is about 0.1vol% (1,000 volppm) at nearly ambient 
temperature and it is conceivable that phase separation will occur when water is adulte- 
rated at levels exceeding that level. 
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RESEARCH PAPER Corrosion Engineering S3, 7 1-80 (2004) 



Corrosion Behavior of Aluminum in Mixed Alcohol Solutions 

Takashl Tsuchida 



New Products, SANGI Co., Ltd. 
(2745-1 Fudoin-no, Kasukabe, 344-0001 Japan) 



Anhydrous alcohol reacts with aluminum at high temperatures to form aluminum 
alkoxide. There are no reports on the reaction when a mixture of two or more 
alcohols is used, but it is Imown that the addition of minute quantities of water 
will prevent the alkoxide reaction. This paper describes (1) the reaction of 
aluminum with a number of mixed alcohol solutions near the azeotropy potot, 
and (2) the minimum water concentration in a mixed alcohol solution that will 
prevent the alkoxide reaction. 

Pieces of pure aluminum (JIS-A1085) were reacted in a vessel made from 
SUS304 with 50 ml of each a range of mixed alcohol solutions. The solutions were 
prepared from different combinations of five kinds of 2-4 carbon alcohols; 
ethanol, n-propanol, isopropanol, n-butanol, and isobutanol. The reactions were 
carried out for 72 hours each at 353K, 373K and 393K respectively. The results 
showed that the reactions with mixed alcohol solutions took place at lower 
temperatures than those with single-alcohol solutions. The minimwn water 
concentration that prevented the alkoxide reaction was higher for mixed alcohol 
solutions than for single-alcohol solutions. Considering these results from the 
standpoint of the dissolution phenomenon of alcoholj I postulated that the size, 
structure, and stability of the alcohoUc clusters in mixed alcohol solutions are 
important factors contributing to the reaction. 



1. INTRODUCTION 

Industrial usage of alcohol is expected to increase substantially as new automobile fuels, 
solvents, and raw materials are developed, and the share of AI is also rising because of the need to 
reduce the weight of vehicle bodies, It seems quite probable, therefore, that alcohol and Al will be 
in contact in severe service conditions. At ambient temperature, alcohol is inert to Al, but at 
elevated temperatures anhydrous alcohol reacts with Al to produce aluminum alkoxide. Little is 
known, however, about the corrosion process of Al (i.e., the formation of aluminum alkoxide) m 
reaction with mixed alcohol. The study discussed in this paper investigated the reaction of Al with 
mixed alcohol in order to elucidate the mechanism of alkoxide formation. 
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(a) (b) (o) (d) 




Fig. 1 

Samples of an aluminum test piece (a), the solution after test (b), 
the corroded piece (c) and the piece which did not react, (d). 



The article that follows briefly reviews the process whereby aluminum alkoxide is synthesized 
and outlines its characteristic features. Aluminum alkoxide (alcolate) is classified as an ester 
aluminate. It is synthesized through the following reactions [1]: 

(1) reaction of Al and alcohol in presence of HgCl 

(2) adding excess alcohol to organic solution of altmiinum chloride 

(3) reaction of Al powder with alcohol at elevated temperature 

Aluminum alkoxide is expressed as A1(0R)3 where R may be alkyl or aryl (usually alkyl). 
Aluminum ethylate in excess ethanol solution yields acid by forming complex ion through the 
reaction [2] 

Al(OCjH5)3+CjH50H->[Al(OC2H5),]-H+ (1) 

Depending on the type of alkyl, A1(0R)3 may exist either in liquid, solid, or wax form at 
ambient temperature. When left in an atmospheric environment at ambient temperature, aluminum 
alkoxide is dismtegrated by hydrolysis to yield alumina and alcohol, 

Trace water impurity in ethanol is said to retard the alkoxide reaction of Al [3,4]. There is no 
report on the quantitative relation of the three factors in the alkoxide reaction of Al; mixed alcohol, 
water impurity level, and temperature. 

To fill this information gap, we reacted Al and alcohol for 72 h usmg alcohols with carbon 
numbers 2-4 either in a pure state or in one of five alcohol mixtures at varymg levels of water 
impurity and at three temperatures: 353 K, 373 K, and 393 K. 

2. EXPERIMENT 

2.1 Al speciinen and alcohols 

A 20 X 20 X 1 mm Al test piece (Fig. 1 (a)) was cut out of as-received sheet of industrially 
pure Al (A1085 defined in JIS with purity > 99.85 %). 

The following five types of alcohol with carbon numbers 2-4 were used for the test: EtOH 
(ethanol) for alcohol with carbon number 2 (Nihon Alcohol Sales Corp.; EtOH > 99°), NPA 
(normal propanol; GODO Solvent Corp.; industrial grade) and IPA (isopropanol; GODO Solvent 
Corp.; industrial pure grade) for alcohols with carbon number 3, NBA (normal butanol; GODO 
Solvent Corp.; industrial 99% grade), and IBA (isobutanol; GODO Solvent Corp.; industrial pure 
grade). 



Volume 53, Number 1, 2004 
Table 1 

Single alcohol solutions boiling point ai 
volume ratio. 



Table 2 

Two-alcohol solutions volume n 



Table 3 

Three-alcohol solutions volume ratio. 



Table 4 

Four-alcohol solutions volume n 



Table 5 

Five-alcohol solutions volume ratio. 



The purity of these pure alcohol samples was measured by gas chromatography (GC-FID) and 
gas chromatograph mass spectroscopy (GC-MS) using an instrument manufactured by 
SHIMADZU; these checks confirmed that the purity was at least 99.9 vol %. The water impurity 
levels in these pure alcohol samples, ascertained using GC-MS with reference to the calibration 
line, were no more than 0.1 vol%. A controlled amount of ion-exchanged water with electric 
conductivity of O.I [xS/m was used to control the water unpurity levels of these pure alcohol 
samples,. 

Table 1 shows the boiling point of five pure alcohol samples. Tables 2-5 show the volumetric 
ratios of the alcohol mixtures used for the test. 

2.2 Reaction apparatus and experimental procedure 

The reactor was an SUS304 container with a capacity of about 400 vol (external diameter 90 
mm, depth 90 mm, wall thickness 5 mm; Fig. 2). The experimental procedure was as follows: 

(1) The reactor chamber was thoroughly dried in a thermostatted chamber kept at 373 K, 
covered with a lid to prevent adsorption of water jirom the atmosphere. The test container was 
cooled down to ambient temperature, and 50 mi of mixed alcohol solution containing from 0 to a 
few% water impurity was poured into it. The volume of alcohol was measured with a pipette, and 
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90mm 
Kg. 2 

Appearance of the SUS304 ball mill. 



the amount of ion exchange water added to the alcohol was measured with a gas-tight syringe 
(maximum capacity 1 m/) to ensure a water impurity precision level of 0.1 vol%. 

(2) An Al test piece washed with ethanol and dried was placed in the reaction chamber 
containing 50 ml alcohol after its dry weight was measured. 

(3) The influence of oxide film formed on the Al test piece was eliminated by introducing 3-4 
lines of scratches with a metal rasp. This operation was done for the Al test piece immersed in the 
alcohol test solution to prevent oxidation of the scratched surfaces. 

(4) Oxidation of alcohol during the test period was minimized by purging the air in the test 
chamber over the alcohol solution with N, gas before placing the lid on the chamber and fastening 
to the chamber body wiUi screws. 

(5) As many as five test containers were placed on the upper stage of the thermostatted 
chamber set at either 353 K, 373 K, or 393 K. The temperature in the chamber was measured using 
a thermocouple. 

(6) The test containers were removed from the thermostatted chamber after a specified period 

(72). 

(7) The test chamber lid was opened for a visual inspection of the state of the Al test piece 
and the alcohol test solution. 

(8) If the visual inspection found that the Al test piece had not degraded, it was removed from 
the alcohol solution, dried and weighed. If, on the other hand, the Al test piece had disintegrated 
because of corrosion, the test solution conditions (color, viscosity and presence or not of sediment) 
were registered. If a residue of the corroded Al test piece was present, the corrosion product layer 
was removed from it, washed in water, dried, and weighed to register the weight loss during the 
immersion. 

Following our firm's criterion, the Al test piece was classified as subjected to corrosion when 
the weight loss exceeded 0.3 mass% or when pittuig or discoloring was detected by visual 
inspection. 

3. RESULTS 

In the experiments at 393 K, all the test pieces disappeared after the 72 h immersion due to 
completion of the alkoxide reaction. The alcohol solution showed such modifications as white 
Un-bidity, floating particles, solid deposit, and a rise in viscosity (Fig. 1 (b) shows alcohol solution 
with white turbidity). In the case where the Al test piece corroded, the number of floating solid 
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Fig. 3 

The MWCs for single alcohol solutioiK 
at different temperatures. 




Fig. 4 

The MWCs for two alcohol solutions at 
different temperatures. 



particles in the alcohol solution increased as the level of water impurity in the alcohol test solution 
rose. These floating particles were suspected of being the hydrolysis product from alcolate 
synthesized by the alkoxide reaction [2], At tbs test temperature of 373 K, one Al test piece 
remained undissolved, whereas a few remained at 353 K. Figure 1 (c) shows a degraded Al test 
piece with mass loss of 33%, and Fig. 1 (d) shows an intact Al test piece on which the rasped 
surface scratches can still be seen. These findings suggested that the rate of alkoxide process was 
quite fast. 

Figure 3 summarizes the results obtained in pure alcohol solutions. The scale of the vertical 
axis in this plot is MWC (minimum water concentration at which alkoxide reaction was prevented). 
When the level of added water was greater than MWC, the alkoxide reaction of Al was inhibited in 
the alcohol solution, but when the water level m the alcohol was lower than MWC, the alkoxide 
reaction for Al progressed. Figure 4 summarizes the test results for 2-alcohol mixtures, Fig. 5 for 
3-alcohol mixtures, Fig. 6 for 4-alcohol mixmre, and Fig. 7 5-alcohol mixture. Table 6 reproduces 
the literature values of the physical properties of aluminum alkoxides with carbon numbers 2-4 [9]. 




Fig. 5 Fig. 6 

The MWCs for three alcohol solutions at The MWCs for four alcohol solutions at 

different temperatures. different temperatores. 
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Table 6 

Physical characteristics of aluminum oxides [9]. 



With reference to Fig. 3 and Table 6, it seems allowable to say that MWC at 393 K rises with 
the decreasing melting point of alcohol. 

On the other hand, Figs. 4-7 indicate that MWC rises with the rising temperature, excluding 
cases (3-6) and (3-8), for the 3-alcohol mixtures. Note too that mixing of alcohols tended to make 
MWC rise and the alkoxide reaction initiation temperature drop. 

Ethanol is a promising mixing constituent for automobile fuel (gasoline). Pure anhydrous 
ethanol did not yield an alkoxide reaction up to 373 K. When mixed with other alcohols, however, 
anhydrous ethanol yielded alkoxide reactions at 353 K and pushed MWC to higher levels than were 
reached by the other combinations of alcohols. 

4. DISCUSSION 

As is generally acknowledged, the mutual solubility behavior of non-electrolytes depends 
largely on molecular geometry and interatomic interaction, Polar molecules like alcohol, water, and 
acetic acid are subject to auto-association that yields 3D (three-dimensional) structures (clusters) 
[1,5], Some alcolates formed from certain types of alcohol are known to be insoluble. We analyzed 
the experimental evidence in respect to the physical and chemical properties and thermodynamic 
stability of alcolate (macroscopic viewpoint) and also in respect to the stability of mixed alcohol 
clusters, which are conq)letely miscible with no phase separation (microscopic viewpoint). 

4.1 Properties of alcolate and alkoxide reaction 

The acmal state of existence of aluminum alcolate in alcohol solution is expressed by 
[A1(0R)3]„ (R: alkyl, n: 3-5), showing a trend of rising n with the decreasing R. For example, for 
R = C2H5, Al is associated in tetrahedral form. Bear in mind that alcolate formed from alcohol of 
greater molecular weight does not necessarily form larger clusters. This can be readily understood 
from Table 6, which shows that the boiling point of alcolate does not rise with increasing molecular 
weight. One must also note that aluminum ethylate is insoluble to ethanol, but aluminum 
isopropylate is soluble in IPA [9]. The results summarized in Fig. 3 can be explained reasonably 
with reference to the evidence just outlined. When the alcolate formed through the alkoxide 
reaction was soluble in the alcohol solution (case 1-3 in Fig. 3), the alkoxide reaction would 
proceed readily, whereas when the formed alcolate existed in solid form (or as precipitate on flie Al 
test piece), the alkoxide reaction would be retarded due to reduced coverage of the Al surface with 
the alcohol solution by the formed alcolate solid. The latter simation is represented by case 1-1 in 
Fig. 3, in which the formed alcolate was solid at temperatures lower than 393 K and insoluble to 
ethanol. 

The preceding consideration is based on macroscopic properties. Microscopic factors will be 
considered next: the effect of mixing with anhydrous alcohol on corrosion reaction temperamre in 
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Fig. 7 

The MWCs for five alcohol solutions a 
different temperatures. 



Fig. 8. 

Image illustrating the difference in cluster 
size distribution between a single alcohol 
solution and a mixed alcohol solution. 



sec. 4.2, and the mechanism by which alcohol with water unpurity retards the alkoxide reaction in 
sec. 4.3. 

4.2 Reducing corrosion reaction temperature by adding anhydrous alcohol 

Whether new cluster will form on the addition of unlike alcohol in alcohol solution depends 
on the mutual miscibility of tlie unlike alcohol molecules. From the thermodynamic perspective, if 
the mixing of unlike alcohols yields no heat (i.e., is athermal), the solution is considered to result 
from the entropy effect [5]. For the spontaneous solution to take place under constant temperature 
and pressure, the Gibbs free energy change AG must be negative 

AG = AH-T&S<0 (2) 

where AH is the enthalpy change, &S is the entropy change, and T is the absolute temperature. In 
the case of athermal dissolution, AH = 0; therefore 

AG = -TAS < 0 (3) 

Accordingly, AS must be positive. This means that if mixing two or more unlike alcohols in a 
solution yields no heat and no phase separation, the solution's degree of disorder must increase. In 
other words, the clusters of the mixed alcohols must be smaller than those in pure alcohol solution. 

The conclusion derived by a thermodynamic consideration of the alcohol mixture can also be 
explained m terms of the stability of the clusters (3D structure) depending on the size of the alcohol 
molecules and the polarity. In pure alcohol solution, molecular size and polarity are both 
homogeneous, so a stable 3D structure will grow, yielding relatively large clusters [2]. On the 
other hand, in a mixmre of unlike alcohols, differences between alcohol molecular species ui 
respect to 3D structure, polarity, and kinetic energy may prevent stable cluster growth. 
Correspondingly, the microstructure of an alcohol mixture might be represented by clusters of 
diminished size or even a single molecular state (see Fig. 8). This would explain why the alkoxide 
reaction temperature is lower for the mixed alcohols (smaller clusters) than for the pure alcohol 
(larger clusters). 
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Fig. 9 

Comparison sliowing tlie MWC for individual alcoliols in single 
solution and their combination in a two-alcohol solution. In cases (a) to 
(g), the MWCs for the mixture were higher than for each alcohol in 
single solution. In cases (h) to (j), the MWCs for the mixture were 
equal to the mean MWC for the individual alcohols in single solution. 
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Image illustrating a proposed mechanism 
of activity loss. 
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The increased cluster 



Fig. 11 

Image illustrating the size increase in 
clusters in a mixed alcohol solution due to 
water (molecular or cluster) attachment. 



Figure 9 summarizes the observed MWC values for the 2-alcohol mixtures at 393 K for 72 h. 
As reviewed in section 3, the MWC value of the mixed alcohols was generally higher than that of 
the respective component except for cases (h), (i), and (j). This apparenUy irregular result was 
interpreted in terms of clusters, 

We reasoned that the loss of activity of alcohol toward the alkoxide reaction due to the 
addition resulted from the formation of a hydrogen bond by HjO to OH- in alcohol (the active 
point for the alkoxide reaction). Assuming this, we first considered the mechanism of the rise in 
MWC caused by mixing unlike alcohols. As reviewed in sec. 4.2, the clusters in a mixture of 
alcohols are smaller than those in pure alcohol, and in consequence the population of free OH- 
would be higher in the alcohol mixtures than in the pure alcohol. To cancel the reactivity of OH- 
by water impurity, more water would be needed for an alcohol mixture than for pure alcohol. For 
example, if each cluster possessed three non-bonded OH- groups for hydrogen bond formation 
with H2O, it would take three HjO molecules for the alkoxide reaction to lose activity for this 
cluster in pure alcohol, but nine H2O molecules would be necessary for an activity loss in the 
alcohol mixture with clusters of refmed size (Fig. 10). In this condition, HxO acts as a glue to 
combme refined alcohol clusters. Thus, a water impurity would enlarge the clusters in an alcohol 
mixture, resulting in activity loss (see Fig. 8), and adding unlike alcohol and water to an alcohol 
solution would synergetically retard the alkoxide reaction (see Fig. 11). The dependence of MWC 
realized by different combinations of unlike alcohol species may be a factor of the size of the 
formed cluster on mixing -that is, the smaller the cluster, the higher the MWC. In terms of 
thermodynamics, MWC increases if the entropy change A5 is larger in the positive range under the 
condition of relatively small A//. 

As seen in Fig. 9, the MWCs of the alcohol mixtures in cases (h), (i), and 0) fell between 
those of the respective constituents. This can be explained as follows. The alcohol species in these 
three cases were IPA, NBA, and IBA. The molecules of these three alcohols are all comparatively 
large and have relatively similar properties. Mixing these alcohols would not readily lead to 
reorganized clusters of a more refmed size. As a consequence, the MWC of mixtures (h), (i), and 
(j) fell between the MWCs of the respective constituents. 
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5. CONCLUSIONS 

The alkoxide reactions between Al test pieces and mixtures of alcohols with carbon numbers 
from 2 to 4 were investigated at three different temperatures, 353 K, 373 K, and 393 K, for 72 h. 
The following conclusions were drawn. 

(1) The alkoxide reaction of AI with mixed alcohols proceeded at a lower temperature than the 
reaction with aiihydrous pure alcohol. 

(2) The mixing of alcohols increased the minimum water concentration at which the alkoxide 
reaction was prevented. 

(3) The rising reaction temperature also increased the minimum water concentration. 

(4) Consideration of the reaction between AI and mixed alcohols on the basis of alcohol 
miscibility phenomena indicated that the cluster size, structure, and stability of the mixed alcohols 
were significant factors controlUng the alkoxide reaction. 

6. FUTURE PROSPECTS OF APPLICATION OF ALCOHOL MIXTURES 

The present study demonstrated that the reaction between Al and alcohol mixtures can be 
explamed in terms of the reaction of Al with clustered alcohol molecules. 

Wakisaka et al. [6,7] undertook cluster analysis of solutions using a liquid phase cluster mass 
spectrometer. Dixit et al. [8] characterized the mixing state of water and alcohol usmg an isotope 
substitution neutroii diffraction technique; they concluded that water and alcohol do not mix on the 
molecular level. These fmdings indicate that some macroscopically homogeneous solutions are 
actually heterogeneous on the molecular scale. These new analytic techniques [6-8] might be of use 
for characterizing alcohol mixtures. To expand the use of alcohol mixmres in an effective way, 
mixed alcohols must be subjected to cluster analysis and cluster stability evaluation as well as to 
thermodynamic evaluations. 
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